Fried foods are one of the most favorite products worldwide because of their typical avor and crispness. In ailand, one of the most popular traditional foods is "Kaeb Moo," a fried pork rind product typical of the Northern Region and widely consumed across the whole country. In this research, we monitored the quality change of Kaeb Moo during storage for 1 month and predicted the consumers' acceptance measuring texture, moisture contents, malondialdehyde (MDA) and hexanal contents, and peroxide values (PV) of frying oil, as this fried product undergoes a rapid hydrolysis and rancidity. e analyses were done on three types of Kaeb Moo: the rst type was prepared in the lab using high-quality products, while the other two types were purchased from local markets in ailand. It was found that rancidity variation during storage strongly depends on the frying process and product quality, as in 31 days the hexanal content only doubled (225%) in Kaeb Moo type 1, while reached 542% and 962%, in Kaeb Moo type 2 and type 3, respectively. e increase of rancidity was observed even if the peroxide values of frying oil were under the national regulation. At the end of shelf life, the properties of Kaeb Moo samples from predicting equations were as follows: 3.67-6.01% moisture contents, 0.396-0.503 µg/g MDA contents, 0.342-0.481 mg/kg hexanal contents, 50.01-60.08 kg·s linear distances (crispness), 36.01-48.83 mm rancid rating, and 43.72-45.38 mm crispness rating.
Introduction
Fried foods are one of the most favorite products for consumers because of their typical avor and texture. ese special properties are developed by the frying process, in which raw materials are cooked under hot oil. Generally, the frying temperatures range from 150°C to 190°C; however, higher temperatures of 190°C to 205°C are also used [1, 2] . Even though there have been many reports on the direct and indirect health e ects of fried food consumption, for example, obesity, diabetes, hypertension, and cardiovascular disease, during last years, the consumption quantity of fried food has continuously increased [3] [4] [5] .
In ailand, one of the most popular traditional foods is "Kaeb Moo." It is a typical product of the Northern Region and widely consumed across the whole country by ai people as well as by tourists. Kaeb Moo can be consumed alone as snack or can be served as a side dish of Northern style ai foods [6] . e economic value of Kaeb Moo production in the north of ailand was estimated to be about 3,000 million Baht (ca. 100 million US$) in 2011 [7] . It is produced by deep frying of seasoned pork rind by smallmedium entrepreneurs or by local producers at fresh and street markets; the latter Kaeb Moo is freshly fried and sold directly in the markets without product quality control [8] . However, Kaeb Moo may undergo a fast rancidity process and sometimes consumers experience a dislike taste of rancidity just after purchasing. Rancidity of Kaeb Moo could be linked to many factors such as the quality of raw material, the preparation process (prior to frying), the quality of frying oil, the packaging, and the storage conditions. Inappropriate storage conditions with high temperature, moisture and light, and low oil quality could lead to fast quality deterioration [9] .
Oxidative rancidity is the major problem of fried food, occurring through lipid oxidation of unsaturated fatty acids which react with oxygen through a free radical mechanism [10] . An obvious result of this reaction is the formation of rancid odor. ere are many classes of compounds reported as major volatiles from oxidized pork muscle and pork rind. However, the most abundant volatiles are aldehydes, for example, pentanal, hexanal, heptanal, and nonanal [8, 11] . Among those aldehydes, hexanal is the most important compound contributing to rancid odor, and it is considered as a marker for rancidity in fried products together with thiobarbituric acid reactive substances (TBARS), acid value (AV), and peroxide values (PV) [12] . Although consumers are merely concerned about rancidity and texture of the fried product, there are other chemicals not contributing to the rancid odor but formed during rancidity, like 4-hydroxy-2-nonenal (4-HNE) and malondialdehyde (MDA). Remarkably, 4-HNE and MDA are found to be involved in carcinogenesis [13] [14] [15] .
As Kaeb Moo is highly consumed by ai people as well as tourists, there is a rising concern about potential health effect of Kaeb Moo. However, so far there were no studies conducted on monitoring of Kaeb Moo quality during storage in correlation with sensory analysis. erefore, in this research, we intended to evaluate the physical, chemical, and sensory qualities of Kaeb Moo from different productions during storage, to create correlation between the quality and consumers' acceptance, and to find out a key indicator of Kaeb Moo product quality.
Materials and Methods

Preparation of Kaeb Moo and Frying Oil Samples.
ree types of Kaeb Moo without subcutaneous fat layer were used in this research. Type 1 (T1) was produced using an electrical frying machine (FR1265, Fritel, Belgium). Pork skin was deep fried in refined palm oil (Morakot Industrial Public Co., Ltd., ailand) at 205°C for 2 min. e other two types (T2 and T3) were purchased just after frying from two local producers in fresh street markets of Chiang Mai province, ailand. Among the local Kaeb Moo producers of the Chiang Mai city, we firstly considered those well known by consumers, being long time in the market and producing at least 50 kg/day of Kaeb Moo. Among them, two producers were selected randomly. e samples T2 and T3 were of 3 kg each.
en, each sample was subdivided into 200 polypropylene bags filled with 15 g of Kaeb Moo. T1 sample was prepared by the same preparation procedure. All samples were stored in an incubator (MIR-553, Sunyo, Japan) at 25 ± 1°C through the experimental period of 31 days. e oil used for T2 and T3 sample production was also refined palm oil. Samples of 100 ml were taken three times, considering different lots of Kaeb Moo production both from local producers and from in-lab production.
Analysis of Physical and Chemical Properties of Kaeb Moo.
Physical and chemical properties of Kaeb Moo including texture, moisture contents, malondialdehyde (MDA) contents, and hexanal contents were determined during storage. In addition to these properties, peroxide values (PV) of frying oil of the three samples were also evaluated.
Moisture Content.
Moisture content was analyzed according the AOAC method [16] . In brief, for each replicate, the sample of approximately 3.0 g was crushed, homogenized, and then placed into a moisture can which was previously dried and weighed.
en, the three replicates were placed in an oven (Memmert UNE 400, Memmert GmbH, Germany) and dried at 105°C until the constant weights were obtained. e moisture content of each sample was calculated in terms of loss weight percentage.
Texture Analysis.
Hardness and crispness of Kaeb Moo samples were measured using a texture analyzer (TA-XT plus, Stable Micro Systems Ltd., Surrey, UK) equipped with an Ottawa cell extrusion as described in [8] . For hardness analysis, there were 15 replicates for each sample. Maximum force was recorded as the resistance to breakage. For crispness analysis, there were 30 replicates for each sample. e averages of maximum force and linear distance were reported in kg f and kg f ·s, respectively.
Malondialdehyde Content.
MDA content was analyzed according to the thiobarbituric acid reactive substances (TBARS) method as described in Miller [17] . Five grams of each sample were extracted using 44 mL of 10% trichloroacetic acid (AR-grade, Merck, Germany) in 0.02 M phosphoric acid (H 3 PO 4 , AR-grade, Merck) with 1 mL of 0.2 mg/mL of butylated hydroxy toluene (BHT, AR-grade, Fluka, Switzerland) and then filtered. en, the sample was subjected to react with thiobarbituric acid (AR-grade, Merck, Germany) and kept in darkness for 20 h at room temperature. After the time elapsed, the optical densities of the samples were measured using spectrophotometer (Genesys-10 UV-scan, USA) at 530 nm. MDA contents were calculated using a calibration curve established with a standard of 1,1,3,3-tetraethoxypropane solutions (AR-grade, Sigma-Aldrich, Germany).
e results were reported as micrograms of MDA per gram of sample.
Hexanal Content.
Hexanal content of Kaeb Moo samples was measured using gas chromatography-flame ionization detection (GC-FID) according to Sriwattana et al. [8] and to Akkaravessapong et al. [18] with some modification. irty grams of ground sample were extracted by 200 mL of dichloromethane (RCI Labscan Ltd., Bangkok, ailand) in an orbital shaker (UM-S6060, UMAC Scientific Co., Ltd., ailand) for 2 h. After that, the mixture was filtered and evaporated using rotary evaporator (R205, BÜCHI Labortechnik AG, Switzerland) at 40 ± 1°C, 200 mbar of pressure for 3 h. Prior to GC-FID analysis, the extract was diluted ten times in hexane (RCI Labscan Ltd., Bangkok, ailand). Afterwards, 1 μl of diluted solution was directly injected to an injection port of GC-FID (GC-2010, Shimadzu, Japan), equipped with a nonpolar column DB-1 (Agilent Technologies, USA), 30 m, 0.249 mm i.d., 0.25 μm film thickness. Helium was used as a carrier gas at a flow rate of 1.0 mL/min. e temperature program was started at 40°C, held for 1.5 min, then heated with a rate of 6°C/min to 200°C, and held at the final temperature for 5 min. With this method, hexanal was eluted 4.90 min after injection. e hexanal standard curve was generated with a series of concentration (5, 10, 25, 50, 100, and 200 ppm) using authentic hexanal (Merck, Germany) in hexane. e hexanal content of each sample (three replications) was calculated compared with the standard curve and expressed in mg hexanal/kg sample.
Peroxide
Value. PV of frying oil of the three Kaeb Moo types was determined according to the AOCS Official Method Cd 8-53 [19] . Five grams of each sample was placed in a 250 mL stoppered conical flask and 30 mL of 3 : 2 acetic acid (RCI Labscan Ltd., Bangkok, ailand)-chloroform (RCI Labscan Ltd., Bangkok, ailand) solution (v/v) were added into the flask. After it was gently mixed, 0.5 mL of saturated KI solution was added to the solution. It was shaken for 1 min, and 30 mL of distilled water was then immediately added. e obtained solution was titrated with 0.1 N sodium thiosulfate (RCI Labscan Ltd., Bangkok, ailand) until the yellow iodine color was almost disappeared. en, about 2.0 mL of starch indicator solution was added and the titration was continued until the end point, which the solution became blue in color.
Sensory Evaluation
Descriptive Analysis.
A descriptive analysis session was conducted as a procedure described by Grosso and Resurreccion [20] . In this study, 11 panelists (9 female and 2 male) who had experience on descriptive sensory analysis were recruited. Panelists were selected according to the criteria defined by Plemmons and Resurreccion [21] with extra requirement that the panelists shall consume Kaeb Moo at least twice per week. e recruited panelists were trained and calibrated for 20 h (2 h for each training session, for consecutive 10 days) according to the procedures described by Meilgaard et al. [22] . After the training session of characteristic attributes and definitions of Kaeb Moo, the panelists were informed about the definitions of rancidity and crispness [8] . Reference standards for intensity rating (0-150 scale) of each attributes were given to the panelists as listed in Table 1 . e panelists tested and rated each reference. Panelists who did not rate within ±10 points of the mean rating score were asked to re-evaluate the sample and adjust their ratings until a consensus was reached.
For Kaeb Moo sample assessment, the panelists evaluated the samples in partitioned booths. e three samples (T1, T2, and T3) including a warm-up sample (freshly prepared Kaeb Moo made in the lab according to T1 procedure) were assessed every 3 days. e samples were kept in a plastic bag coded with 3-digit random numbers.
e warm-up and reference intensity ratings and definitions were provided for all panelists in each booth in order to calibrate panelist evaluations [20] .
Consumer Acceptance Test.
e consumer acceptance test was performed every week by consumers (n � 50) who were nonsmokers and consumed Kaeb Moo at least once a week.
e three Kaeb Moo samples, coded with 3-digit random numbers, were served in plastic bags. Overall liking, appearance, odor, crispness, and overall taste based on a 9-point hedonic scale (1 � dislike extremely, 5 � neither like nor dislike, and 9 � like extremely) were evaluated [25] . In case the consumers detect the rancidity of the samples, they can refuse to evaluate. Furthermore, consumers were asked for their purchase intention.
Statistical Analysis.
Analysis of variance (ANOVA) using SPSS version 16.0 (SPSS Inc., Chicago, IL) was performed to examine significant differences of the evaluated properties among Kaeb Moo samples. Duncan's multiple range test (DMRT) was applied for multiple comparisons. Pearson correlation coefficients were calculated between consumer response and sensory attribute intensity ratings, moisture contents, MDA contents, and texture measurements with hexanal measurements. e significant level of ANOVA, DMRT, and correlation was justified at p value lower than 0.050. Regression analysis was applied to predict consumer responses using sensory attribute intensity ratings, moisture contents, MDA contents, texture measurements, and hexanal measurements. A first-and a second-order polynomial regression models,
, were applied to the obtained data. For the regression models, Y is the value of consumer response; b o is the intercept when Y � 0; b 1 are parameter estimates; X is the sensory attribute intensity ratings, moisture content, MDA content, texture measurements, and hexanal measurements. e criterion of an adjusted R 2 for regression models was over 0.80. 
Results and Discussion
Moisture Content.
e results of moisture content of the three types of Kaeb Moo during storage at 25°C are shown in Table 2 . It can be seen that the moisture content of all samples increased during the storage time.
e percentages of the moisture content, from the first day of production to the last day of storage, ranged from 1.65 ± 0.04 to 4.96 ± 0.17%, 1.62 ± 0.05 to 5.02 ± 0.15%, and 1.93 ± 0.11 to 5.04 ± 0.20% for T1, T2, and T3, respectively. T3 samples showed significantly higher moisture content than T1 and T2 on the first day. Nevertheless, after 4-day storage, the moisture content of T2 increased and became nonsignificantly different from T3. e moisture contents reported were in the same range of Kaeb moo samples reported in Sriwattana et al. [8] . It was reported for a model snack food, corn ball snack, that the critical moisture content that affected the acceptance is 4% [26] . According to this parameter, T2 and T3 samples should be unaccepted on after 16 days of storage, while T1 samples should be unaccepted after 25 days of storage.
Texture Analysis.
e texture of Kaeb Moo samples was evaluated and reported as hardness and crispness shown in Table 2 . e hardness values of all three samples ranged from 11.34 to 17.00 kg f throughout the storage period of 31 days. During the storage, the hardness of the T1 and T2 samples did not change; while the hardness of T3 samples slightly increased. e crispness of the three Kaeb Moo types investigated by linear distance value gradually decreased during the storage. e crispness of the three types from the first day of production to the last day of storage was 72.12 ± 5.65 to 37.55 ± 6.47, 67.84 ± 3.95 to 33.34 ± 4.60, and 73.71 ± 2.93 to 39.63 ± 5.47, for T1, T2, and T3, respectively. e higher linear distance indicates more crispness [27] . e decrease of crispness was due to the increasing of moisture contents. It is possible to observe that the higher hardness correlates with the lower crispness. In addition, samples with high moisture content also had high hardness values but low crispness values. is is in agreement with the finding of a corn ball model snack that when its moisture content is above 4%, a decreasing trend in crispness of the snack is detected. In addition, a noticeable decrease of crispness occurs when moisture content is higher 7% [26] .
Peroxide Value.
PV is one quality parameter of oil production and storage. Peroxide is a product of primary oil oxidation and represents the degree of oil oxidation. In ailand, the standard PV value for Kaeb Moo declared by the ai Industrial Standards Institute [28] shall not exceed 30 meq O 2 /kg oil. It was found that PV values of oil after frying each sample types T1, T2, and T3 were 4.52 ± 0.11, 3.99 ± 0.01, and 11.53 ± 0.25 meq O 2 /kg oil, respectively.
ese three values were significantly different (p < 0.05) and well in agreement with the standard for oil quality. e low values of PVs may result from the decomposition to secondary products which occur relatively quickly [10] . Even though the peroxide values of the frying oil were under the specification, there is no guarantee that fried Kaeb Moo product is of high quality. Interestingly, it was also reported that PV failed to indicate the quality of palm-olein oil [12, 29] .
Malondialdehyde Content.
MDA content was found to be similar trend as moisture content, which gradually increased during the storage time. At the beginning of the storage, MDA of T1 (0.050 ± 0.009 μg/g) sample was significantly different from T2 (0.224 ± 0.017 μg/g) and T3 (0.255 ± 0.060 μg/g) samples, which MDA contents of these two samples were not significantly different. After the first day of storage, MDA contents of each sample increased. At 31-day storage, the MDA contents of Kaeb Moo samples were 0.436 ± 0.043, 1.116 ± 0.119, and 1.606 ± 0.077 μg/g, for T1, T2, and T3, respectively. According to our consumer acceptance test using 9-point hedonic scale towards the liking of the products, it was found that the consumers rejected to evaluate Kaeb Moo products because of rancidity flavor when the MDA content was approximately 0.5 μg/g. It was reported that the rancidity threshold in meat product is about 1-2 mg MDA/kg. Furthermore, consumers are unlikely able to detect off-flavor at values below 0.5 mg MDA/ kg [30, 31] . In a study on chicken nuggets, it was found that panelists could detect a slightly off-flavor when the product had an MDA concentration of 0.5 μg/g [32] . Wanstedt et al. [33] reported that MDA values ranging from 0.6 to 1 are associated with organoleptically detectable rancidity in cooked pork. On the contrary, Campo et al. [34] considered a limiting threshold of MDA in beef steak equal to 2 μg/g. Moreover, according to Hughes et al. [35] , it was reported that a concentration of 2.60-3.11 μg/g of MDA was still acceptable to consumers in aged beef striploins. In case of Kaeb Moo, it seems that even a low concentration of MDA is able to lead to rancidity detection by consumers.
is is probably due to the fact that there are no spices added which may cover the off-flavor. erefore, there is no aroma masking rancid flavor in the overall odor of Kaeb Moo.
Hexanal Contents.
Hexanal, an aldehyde responsible for oxidative off-flavor of fried or oil-containing food products, was monitored during the storing period. It has been identified as a product of linoleic acid oxidation, and its contents increase as function of storage time [20] . e factors influencing the amount of hexanal content are light, temperature, and oxygen [36] . Figure 1 shows the hexanal contents of each sample. It can be seen that during the storage time, hexanal contents of the three samples were significantly different, except the first day, during which T1 and T2 were not different, but T3. For T1 sample, the hexanal content was 1.725 ± 0.034 mg/kg for the first day, and then it slightly increased during the storage to 3.888 ± 0.051 mg/kg on the last day of storage. e T2 sample hexanal content was 1.762 ± 0.010 mg/kg for the first day, and then it increased to 9.544 ± 0.189 mg/kg on the last day of storage. e hexanal contents of T3 sample were drastically increased from 1.990 ± 0.032 mg/kg to 19.140 ± 0.212 mg/kg. It is interesting to note that the PV of the frying oil of T1 and T2 samples were very close, and the MDA content of T2 and T3 samples was the same. However, hexanal contents of each sample developed differently. e change of Kaeb Moo qualities, rancid flavor and crispness, was monitored by descriptive analysis. e mean values of the attribute ratings evaluated by 11 trained panelists are presented in Table 3 . At the first day of production, the rancid intensity of T1 was significantly different from T2 and T3 (p < 0.05). It is interesting to note that even though the hexanal contents of T1 and T2 were not significantly different, the panelists detected different intensities of rancid flavor of the two samples. In this case, there might be other compounds contributing to the rancid flavor of Kaeb Moo. It was reported that aldehydes, e.g., heptanal, (E,E)-2,4-decadienal, and (E,Z)-2,6-nonadienal, are very important products from lipid oxidation and are the main compounds contributing to rancid flavor development [8, 10] . During the storage, the rancid flavor of T1 slowly increased, while the rancid intensity of T2 and T3 drastically increased. At the end of the storage time, the rancid intensity of T1 was about half of T2 and T3, which has significant difference (p < 0.05).
e crispness intensity of T1 sample remained unchanged during 10 days of storage, whereas the crispness of T2 and T3 remained unchanged for 7 days. e crispness of all the samples gradually decreased. e crispness intensity of T1 was about 34 mm, while the crispness of T2 and T3 was about 23 mm which was close to the crispness of cracker (25 mm) on the last day of storage.
Consumer Acceptance Test.
In addition to the descriptive analysis, the 9-point hedonic scale test was acquired for the evaluation of consumer acceptance towards the three pork scratching samples. Overall liking, appearance, odor, texture, crispness, and taste of the samples were evaluated.
e results are shown in Table 4 . It can be seen that, at the first day of production, the consumers evaluated all the samples from like slightly to like very much (6-8 points). T1  T2  T3  T1  T2  T3  1 5.0 ± 1.4
Especially T1, in-house-production sample, all attributes were in a range of like moderately to like very much (7-8 points) . After one week of storage, the hedonic scores of all attributes of T1, T2, and T3 were decreased to like slightly to like moderately (6-7 points), except the overall liking, odor, texture, and overall taste of T3 sample were in a range of neither like nor dislike to moderately like (5-6 points). After two weeks of storage, the scores of overall liking and overall taste of T2 and T3 samples were lower than 5 and the purchase intent was lower than 50%, which can be considered as a level to decide that a food is unacceptable for the consumer [20] . On the contrary, the hedonic scores of all attributes of T1 were like slightly to like moderately (6-7 points). After four weeks of storage, the overall liking score of T1 sample was 4.23. Interestingly, the appearance scores of every sample remained in a range of like slightly to like moderately (6-7 points) during the testing period. is was because the appearance of Keab Moo was not affected by storage, as well as other kinds of fried products. erefore, the quality of fried products cannot be judged by only the appearance. In contrast, odor, crispness, and overall taste play important roles in consumer acceptance and related to overall acceptability of fried products. is result was in an agreement with the study of Sriwattana et al. [8] . Purchase intentions of consumers were in parallel conducted and the results are shown in Table 4 . e percentages of purchasing of samples gradually decreased. For T1 sample, the % purchase intention was lower than 50 in week 4 of storage, while T2 and T3 samples were in 2-week storage.
3.7.
Regression Analysis. Table 5 shows the results of regression analysis (regression equations and adjusted R 2 ), presenting the equations with R 2 over 0.8. e physical and chemical properties and descriptive analysis were independent variables (x), while the overall acceptance of consumers was a dependent variable (y). e independent variables included moisture content, MDA content, hexanal content, linear distance, rancid rating, and crispness rating. e end of the product shelf life, considered from an unacceptable level for consumers [20] , and the properties of Kaeb Moo samples from predicting equations were as follows: 3.67-6.01% moisture contents, 0.396-0.503 µg/g MDA contents, 0.342-0.481 mg/kg hexanal contents, 50.01-60.08 kg·s linear distances (crispness), 36.01-48.83 mm rancid rating, and 43.72-45.38 mm crispness rating.
Conclusions
Our study showed for the first time that chemical and physical properties measured in Kaeb Moo can be used for prediction of consumers' acceptance. For the products with low-quality process control, all the properties can be used to predict the consumers' acceptance, while the products with high-quality process control moisture and hexanal contents and descriptive analysis shall be applied. However, this research pointed out that monitoring of hexanal contents may be used a key indicator for evaluation of Kaeb Moo quality and its shelf life.
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